We report on the successful operation of an analogue computer designed to factor numbers. A sequence of shaped femtosecond pulses is used to implement a Gauss sum . N = 1'340'333'404'807 has been successfully factorized. Factorisation of numbers has attracted a wide interest particularly because it is much easier to multiply two large prime numbers than doing the reverse operation [1] . This difficulty is at the basis of encryption systems. Besides improving mathematical algorithms, several physical approaches to factorisation have been introduced [2, 3] . In particular, quantum systems offer strong promises due to the large-scale parallelism offered by the use of entangled states. Indeed, the Shor's factorisation algorithm is one of the two pillars of quantum computing. Despite the difficulties to manipulate the required large number of qubits and in particular to preserve them from decoherence, the factorisation of fifteen has been achieved [3] . However, large scale demonstrations based on quantum algorithms are still not in view.
Recently a very different approach based on wave interference has been proposed theoretically [4, 5] and experimentally implemented by several groups in NMR [6] , with cold atoms [7] . This method which presents strong interest [8] is based on multiple-wave interferences with relative phases depending on the number N to be factorised and another integer l. These interferences reproduce the Gauss sum [9] given by:
where N is the number to be factored. The argument l scans through all integers between two and N for possible factors. When l is not a factor, the quadratic phases take quasi-random values (modulo 2S ) and the resulting sum remains small. When l is a factor, then all the phases are multiples of 2S and the sum is equal to unity. In practice only the first few terms are necessary to discriminate factors, and we can use the truncated sum by taking the first M terms:
The proposed implementations of this sum are based on multipath interferences [4] . Until now the factorisation of numbers such as 157'573, 52'882'363 [6] with up to M=15 terms in the sum was achieved using this technique. This contribution presents a new approach based on modern pulse-shaping technology [10] . Present results show significant improvements on the instrumental [11] as well as on the conceptual point of view [12] . The complex spectral mask:
is applied with the shaper to modify the Fourier-transform limited-input laser pulses: T corresponding to the quadratic Gauss phase. The laser system is a conventional Ti: Sapphire laser delivering 30fs at 805nm with 80 MHz repetition rate. The laser pulses are shaped with a programmable 640 pixels phase and amplitude pulseshaper. The interference produced is simply analyzed by a high resolution spectrometer. We measure the spectral intensity at the central frequency and thus retrieve the Gauss sum for each l. We produce 30 ultrashort pulses by using the pulse shaper at its technical limits and we develop a new way of truncating Gauss sum, based on a random choice of the terms instead of choosing the first M terms. We can now write the sum as: This approach leads to a number of required pulses that scales as ln(N) which is a significant improvement compared to the scaling law 4 N [13] for the sequential method. The use of pulse shapers to produce multiple-pulse interferences, together with a random choice of the terms, opens new opportunities in factorising numbers through the Gauss sum. Other variants of the Gauss sums are also currently investigated theoretically [14] .
